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CONCLUSIONS : 

Metabol i sm - Anaerobic Soi 1 

1. This study i s  acceptable and f u l f i l l s  the anaerobic s o i l  metabolism 
data requi rement . 

2. Tr ibufos degraded slowly i n  sandy loam s o i l  t ha t  was incubated i n  the 
dark a t  25 + 1°C under anaerobic condit ions (ni t rogen atmosphere) f o r  
60 days fo l lowing 30 days o f  aerobic incubation. An anaerobic ha1 f -  
l i f e  o f  389 days was calculated. The primary degradate i d e n t i f i e d  
was 1 -butane sul fon i  c acid. 

METHODOLOGY: 

Sandy loam s o i l  (58% sand, 27% s i  1 t , 15% clay,  3.8% organic matter, 
pH 6.8. CEC 18 meq/100 g) was sieved (2 mm). d r ied  t o  75% o f  0.33 bar 
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moisture, and subsamples (100 g d ry  weight) were t ransfer red t o  250- 
mL Erlenmey~z f lasks.  The s o i l  was t rea ted  a t  7 ppm w i t h  b u t y l -  
1 abel ed [I- C l t r i  bufos (radiochemi cal p u r i t y  97.9%, spec i f i c  
a c t i v i t y  20.4 m C i  ImMol 1 , d i  ssol ved i n  acetone. The sol vent was 
a1 lowed t o  evaporate, the s o i l  was mixed, and the f lasks were sealed 
w i t h  glass stoppers and paraf i lm.  The f lasks  were wrapped i n  
aluminum f o i l  t o  exclude 1 i gh t ,  and the samples were aerob ica l ly  
incubated a t  25 + 1°C f o r  30 days. At  15 and 30 days posttreatment, 
the f lasks were purged w i th  a i r ;  the a i r  e x i t i n g  the  f lasks was 
vented through dry  i c e -  cooled methanol , methanol , and 1 M NaOH 
trapping solut ions,  and then through act ivated charcoal (Figure 2 ) .  
A f t e r  30 days, the f lasks were purged w i th  ni t rogen t o  create an 
anaerobic environment. The f lasks were also purged w i t h  ni t rogen a t  
45, 61 and 90 days posttreatment (15, 31 and 60 days o f  anaerobic 
i ncubation) ; the ni t rogen was vented through the t rapp i  ng system 
described above. So i l  moisture was adjusted t o  75% o f  f i e l d  capacity 
as necessary. Dupl i cate f l  asks were removed immedi ate1 y 
posttreatment, a t  30 days, 45 (15 days o f  anaerobi c i  t y )  , 61 (31 days 
o f  anaerobic i ty) ,  and 90 days posttreatment (60 days o f  
anaerobi c i  t y )  . 
The s o i l  samples were extracted w i t h  a c e t o n i t r i l e  using an 
o s c i l l a t i n g  shaker; the s l u r r y  was separated by vacuum f i l t r a t i o n  and 
a1 iquots of the ex t rac t  were analyzed by LSC. The extracted s o i l  was 
then extracted twice w i th  methanol ; the s l u r r i e s  were separated and 
analyzed as described above. Each ex t rac t  was then concentrated 
(method not reported). A1 iquots o f  the acetoni t r i l e  and combined 
methanol ext racts  were analyzed by TLC on s i l i c a  gel p la tes developed 
i n  hexane: acetone (9: 1, v: v) . Reference standards o f  tr i bufos, 
d i  buty l  d isu l  f i de ,  1- butane sul fon ic  acid, and methyl -des bu ty l  t h i o  
t r i  bufos were cochromatographed w i t h  the  ext racts  and were v i  sual i zed 
by UV (254 nm) o r  by treatment w i th  s u l f u r i c  acid,  heating, and 
charring. Radioactive areas were detected by autoradiography andlor 
a 1 inear r a d i o a c t i v i t y  analyzer. Methanol ext racts  o f  the  31-day 
anaerobic soi 1 were a1 so analyzed by reverse phase TLC on KC18F 
p la tes developed i n  acetonitrile:methano1:0.5 NaCl (40:40:20, v :v :v) .  
Areas o f  i n te res t  were scraped from the p la te ,  e lu ted w i t h  methanol, 
concentrated t o  dryness (method not reported), red i  ssol ved i n  water, 
and analyzed by HPLC. A1 iquots o f  the concentrated ext racts  and the 
eluant o f  the ind iv idua l  radioact ive areas from the TLC p la tes were 
analyzed by HPLC using a C -  18 column and gradient mobile phase of 
acetonitrileltetrahydrofuran (85: 15, v:v) : O .  1% acet i c  acid. 
Addi t ional  a1 iquots were analyzed for polar  compounds by HPLC using 
an anion exchange column (RP-18) and a gradient mobile phase o f  0.5 N 
NaCl and water. The eluate from the columns was monitored by a 
r a d i o a c t i v i t y  detector. Col umn f rac t ions  containing rad ioact ive 
compounds were concentrated t o  dryness and the compounds were 
red i  ssol ved i n  methanol f o r  analysis by GCIMS. 

The extracted s o i l  was then re f luxed w i t h  1 N HC1. The s l u r r y  was 
separated by f i l t r a t i o n ,  and the ref luxate was concentrated (method 
not reported).  Al iquots o f  the ref luxate were analyzed by HPLC using 



an anion exchange column (RP- 18) and a gradient mobile phase o f  0.5 N 
NaCl and water. The eluate from the columns was monitored by a 
r a d i o a c t i v i t y  detector. Eluate f rac t ions  containing rad ioact ive 
compounds were concentrated t o  dryness and the compounds were 
redissolved i n  methanol f o r  analysis by MS. Subsamples o f  the 
extracted soi  1 were analyzed by LSC f o l  1 owing combustion. A1 i quots 
o f  the t rapping solut ions were analyzed by LSC; subsamples o f  the 
act ivated charcoal were analyzed by LSC f o l  1 owing combustion. 

DATA SUMMARY: 

Butyl - labeled [I-14c]tri bufos (radiochemical p u r i t y  97.9%), a t  7 ppm, 
degraded s l  owl y i n sandy 1 oam soi  1 i ncubated anaerobi c a l l  y (n i t rogen 
atmosphere) i n  the dark a t  25 + 1°C f o r  up t o  60 days fo l lowing a 30 
day aerobic incubation period. Tr ibufos was 106.7-106.8% o f  the 
appl i e d  r a d i o a c t i v i t y  immedi ate1 y posttreatment, 90.7-94.5% a t  30 
days (day 0 o f  anaerobi c i  t y )  , and 73.0 -84.4% a t  90 days (60 days o f  
anaerobi c i  t y ;  Appendix C)  . A 389 day anaerobic ha1 f - 1 i f e  was 
cal cul ated. The degradates i dent i  f i  ed were 

1 -butane sul fon i  c acid. 

which was detected a t  maximums o f  3.4% o f  the applied a t  61 days 
posttreatment (31 days o f  anaerobic incubation) and 3.5% a t  90 days 
(60 days o f  anaerobic incubation) ; and. 

methyl -des buty l  t h i o  t r i  bufos, 

which was a maximum o f  0.4% a t  61 days posttreatment (31 days o f  
anaerobic incubation) . Organic vol a t i  1 es compri sed 0.2% o f  the  
applied r a d i o a c t i v i t y  a t  30 days posttreatment and 0.5% a t  90 days 
posttreatment (60 days o f  anaerobic incubation) ; carbon dioxide was 
0.4% by the end o f  the study. Acid re f1  ux o f  the  extracted s o i l  
released an addi t iona l  0.2-3.0% o f  the  appl i e d  r a d i o a c t i v i t y  which 
cochromatographed w i t h  methyl-des b u t y l t h i o  t r i bu fos .  Unextracted 
rad i  oact i v i  t y  i ncreased from 0.4- 0.5% o f  the appl i ed immedi ate1 y 
posttreatment t o  4.4-5.3% a t  30 days posttreatment, and 7.5-11.7% a t  
90 days. 

The materi a1 bal ances were 91.1 - 107.4%. 

COMMENTS : 

1. The reg is t ran t -ca lcu la ted  ha1 f -1  i f e  f o r  t r i  bufos o f  389 days i s  of 
1 i m i  t ed  val ue because the ca lcu la t ions involve extrapol a t i on  
considerably beyond the experimental t ime 1 i m i t s  o f  the study. Data 
are o f ten  incapable o f  accurately p red ic t ing  trends outside o f  t h e i r  
range because small dif ferences are magnified and reactions which 
appear t o  be 1 inear may,, i n  f ac t ,  be cu rv i l i nea r .  



APPENDIX C 

D i s t r i b u t i o n  o f  R a d i o a c t i v i t y  i n  [ 1 4 C ]  T r i b u f o s  T rea ted  S o i l  
Ma in ta ined  Under Anaerobic C o n d i t i o n s  f o r  31 Days 

Percent  o f  T o t a l  R a d i o a c t i v i t y  A p p l i e d  t o  S o i l  Sample' 

Aerob ic  Phase Anaerobic Phase 

Compound 1 302 15 3 1 60 
R e ~ l  R e ~ l  R e ~ 2  Rep2 Repl Reo2 ~ e p l  R e ~ 2  

T r i  bu fos  106.8 106.7 94.5 90.7 92.2 89.0 87.0 88.3 73.0 84.4 

1-butane 0.0  0.0 2.9 2.4 2.7 3.5 2.8 3.4 2.5 3.5 
s u l  f o n i c  a c i d 3  

Des- b u t y l  - - - - - - 0.4 0 .4  0.0 0 . 0  
T r i  bufos 

Organi  c 0.0 0.0 0.2 0.2 0.4 0.4 0.5 0.5 0.5 0.5 
Vol a t  i 1 es 

2 0.0 0.0 0.2 0.2 0 .1  0.2 0.3 0.3 0.4 0.4 

A ~ i d ~ , ~  0.2 0.2 0 . 8  1.2 1 .0  1.5 1.4 1.5 3.0 2.2 
Re1 eased 

Bound 0.4  0.5 4.4 5.3 4.2 4.4 6.3 6.9 11.7 7 .5  
- - - - - - - -- 

. T o t a l  107.4 106.7 103.1 100.0 100.6 99.0 98.7 101.3 91.1 98.5 

Percentage va lues  a r e  a c t u a l  d a t a .  
30-day a e r o b i c  i s  a l s o  0-day anaerob ic  da ta .  

3 Conf i rmed by s o l v e n t  system. 
Co-chromaotgraphed w i t h  methy l -des  b u t y l t n i o  t r i b u f o s  i n  T i c  system 3.  

5 1 N HC1 r e f l u x  f o r  1 hour .  
6 A c i d  r e l a s e d  1 4 C  a c t i v i t y  i s  des b u t y l  tri bufos.Appendix C 



TABLE I 

S o i l  A n a l v s i s l  

Mobay S o i l  Number 

T e x t u r a l  Anal y s  i s (%) 

Sand 

S i l t  

C l  ay 

C l  ass 

Organic  M a t t e r  (%)2 

pH ( i n  0.01 M CaC1, 

Ca t i on  Exchange Capaci ty3 
(meq./100 g )  

P a r t i c l e  Dens i t y  (gm/cc) 4 

5 8 

2 7 

15 

Sandy Loam 

'Notebook Reference: 86-R-57 p.  95 

2% Organic  m a t t e r  based on t o t a l  o rgan i c  carbon * 1.9 

3CEC determined by u s i n g  sodium ace ta te ,  pH 8.2 

4 P a r t i c l e  d e n s i t y  determined by use o f  Mobay Ag Chem Report  No. 67681 



TABLE I 1  

R e t e n t i o n  C h a r a c t e r i s t i c s  f o r  T r i b u f o s  and I t s  S o i l  M e t a b o l i t e s  
I n  TLC1 S o l v e n t  Systems 

TLC R f  
Compound System l2 System 22 System 33 

T r i b u f o s  ( V i a l  491) a. 25 0 .21 0.33 

D i  b u t y l  D i  s u l  f i d e  ( V i  a1 494) 0.27 0 .51 0 .28 

I - B u t a n e  S u l f o n i c  Ac id -sod ium - - 0.87 
s a l t  ( V i a l  495) 

Me thy l -des  B u t y l t h i o  DEF - - 0.70 
( V i a l  493) 

lTLC s o l  v e n t  systems: 
1. Hexane/Acetme ( 9 : l )  
2. Hexane/ E t h y l  A c e t a t e  (85:15) 
3. Acetonitrile/Methano1/0.5 N Sodium C h l o r i d e  (40:40:20) 

2Rf v a l u e s  on Whatman A n a l y t i c a l  0.25-mm s i l i c a  p l a t e s  
3 R f  v a l u e s  on Whatman KC18F 0.25-mm r e v e r s e  phase TLC 
'Number i n  p a r e n t h e s e  i s  Mobay Standard  I D  number. 



TABLE I11 

HPLC S o l v e n t  Systems and R e t e n t i o n  Times f o r  t h e  A n a l y s i s  
o f  T r i  bu fos  and Metabol  i t e s  

R e t e n t i o n  Time (m inu tes )  
Compound System 1' System 2 2  

T r i  b u f o s  

D i  b u t y l  D i  s u l  f i d e  

1-Butane S u l f o n i c  A c i d  

Methy l  -des B u t y l  t h i o  T r i  bu fos  

'System 1; Column, Econos i l  C-18, lop, 250 mm x  4 . 6  mm; S o l v e n t  A, ACN/ 
t e r t r a h y c h o f u r a n  (85: 15) ,  Sol  v e n t  B, w a t e r / a c e t i c  a c i d  (99.9:O. 1) ; 0  t i m e  
50% B, 15 m inu tes ,  20% B, 30 m inu tes  10% B, 35 m inu tes  5% B. 

?System 2; Column, A l l t e c h  an ion  exchange mixed mode RP-18, 7p, 250 x 4.6 mm; 
S o l v e n t  A, 0.5 N NaCL, S o l v e n t  B, wa te r ;  0  t i m e  100% B, 10 m inu tes  50% B, 
20 m i n u t e s  50% B, 30 m inu tes  0% B, 40 minutes  0% B. 



fr-& inlet 

100 g Soi 1 

Figure  1 .  Diagram o f  f l a s k  and va lve  assembly used f o r  t h e  
a n a e r o b i c  s o i l  metabolism study. During t h e  study 
t h e  f l a s k  was wrapped i n  aluminum f o i l .  
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Methy l  -des -Bu ty l  t h i o  
I I C  T r i  b u f o s  

H O S C H 2 C H 2 C H 2 C H 3  
I I 

l - B u t a n e  S u l  f o n i c  A c i d  

F i g u r e  8. Proposed m e t a b o l i c  pathway f o r  t h e  d e g r a d a t i o n  o f  
t r i b u f o s  i n  sandy loam under  anaerob ic  c o n d i t i o n s .  


